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Abstract 
This project was conducted at the request of Worcester’s Energy Efficiency and Conservation 
Program to evaluate proposed solar energy projects for public facilities and explore other issues 
related to their development. Research focused on the economic feasibility and overall 
desirability of such projects undertaken by local governments based on the current market 
conditions, regulatory constraints, and policy incentives for solar energy. An analysis of these 
factors supports the conclusion that public investment in solar energy at this time is a fiscally and 
socially responsible way for the City of Worcester to act on its commitment to renewable energy 
and  sustainable government. 
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1. Introduction 
In doing its part to combat global warming and increase the viability of renewable 
generation, Worcester should realize its solar potential. The placement of solar energy at city 
facilities is currently being considered as part of a comprehensive approach to reduce 
Worcester’s carbon footprint. The City’s decision on whether to go ahead these projects depends 
on their feasibility—constrained by economic and regulatory factors—and the overall social 
benefits they provide. The process of making this decision can be enriched by past experience in 
other cities, and will hopefully serve as an example to more cities going forward. 
The overarching goal of this project as a research endeavor is to contribute to the body of 
knowledge surrounding this area of public policy. Meeting it requires looking at the City’s 
decision through a policy framework, allowing conclusions that are generally applicable to be 
drawn. Our transition to a renewable energy future is fundamentally a question of how quickly 
generation can be deployed while maintaining popular support. In the long run it is inevitable 
that solar resources will be exploited, but the main question affected by this project is whether 
now is the appropriate time to do so. 
Arguing in favor, this project also provides the City with additional information to 
support such an action. This includes obstacles that the solar projects might encounter within the 
regulatory environment. But once the way has been cleared, there are still two important 
decisions the City must make before it can move forward with these projects: 2) which ones to 
build, in what order, and at what size, and 2) how to fund them. This project should help to 
answer these questions, with an eye toward maximizing cost-effectiveness and other public 
benefits associated with the development of solar energy. 
   
2. Background 
2.1 The City of Worcester 
The City of Worcester will increase its reliance on renewable energy through the 
implementation of the Climate Action Plan (CAP). Enacted in 2007, the plan honors certain 
commitments Worcester made in signing on to the Cities for Climate Protection (CCP) initiative 
and the U.S. Mayors Climate Protection agreement, each calling for greenhouse gas emissions 
reductions (City, 2006). The city hired its first full-time Energy Manager, John Odell, to 
implement the plan and run the new Energy Efficiency & Conservation Program created within 
the city Planning & Regulatory Services Division. 
As part of the program, Mr. Odell is looking at how the city can offset some of its retail 
electric consumption at municipal facilities using distributed generation. Solar energy is being 
considered among renewable sources in which the city may choose to invest Approximately two 
dozen city-owned properties have already been identified as potential locations for solar projects. 
A more thorough site analysis is required to determine the economic feasibility of the 10 most 
promising sites. 
In the spring of 2009, student interns from Clark University’s GISDE program performed 
a solar suitability study for the Planning Division. GIS mapping was then used to compose a 
solar suitability map for all of Worcester, with different overlays for residential, developable, and 
city-owned parcels. The students evaluated the suitability of City land by weighing such factors 
and constraints as radiation, grade, protected and recreational use, and proximity to transmission 
lines (Clark, 2009). This generated a preliminary list of potential sites for solar energy ranked 
according to a suitability scale that ranges from 1 to 0. The 30 most suitable sites fell between 
0.66 and 0.367. Of the remaining 74 sites below this range, 51 had zero suitability (Appendix A). 
In the fall of 2009, the City contracted Honeywell International, a large energy service 
company (ESCO), to perform an investment-grade audit of city properties with potential for 
renewable energy. Included in the audit were the sites identified in the solar suitability study, as 
well as potential candidates for wind and other resources. The resulting report contains 
comprehensive data about the City’s energy usage as well as the potential energy savings from 
these renewable projects. Honeywell calculated the cost savings of proposed solar installations at 
five schools in Worcester. These measurements were made using the National Energy Research 
Laboratory’s PVWatts solar performance calculator (Honeywell, 2009). 
As an expansion on the preliminary site analysis outlined in Mr. Odell’s project proposal 
this project continued the Program’s investigation of solar potential in Worcester (Appendix B). 
Its purpose was supplementary, providing performance calculations that would partially overlap 
with Honeywell’s, and supplying additional information that the City would need prior to acting 
on any of these projects. The sites for this project were selected from among the top third of 
those rated in Clark study (Table 2.2, Figures 2.1–10). 
Table 2.2 Sites Included in this Study 
Site City Department Suitability 
Hartwell Learning Center School 0.660 
Quinsig Ave Treatment Facility Sewer 0.593 
Heard St Discovery Academy School 0.589 
Worcester Technical H.S. School 0.563 
Clark St Elementary School 0.536 
North H.S. School 0.494 
Norrback Ave Elementary School 0.474 
Lincoln St Elementary School 0.432 
Flagg St Elementary School 0.398 
Burncoat H.S. School 0.395 
  
 
Figure 2.1 Hartwell Learning Center 
 
Figure 2.2 Quinsig Avenue Combined Sewer 
Overflow Storage and Treatment Facility 
 
Figure 2.3 Heard Street Discovery Academy 
 
 
Figure 2.4 Worcester Technical High School 
 
Figure 2.5 Clark Street Elementary School 
 
Figure 2.6 North High School
  
Figure 2.7 Norrback Avenue Elementary School 
 
Figure 2.8 Lincoln Elementary School 
 
Figure 2.9 Flagg Street Elementary School 
 
Figure 2.10 Burncoat High School
 While their initial ranking did take into account basic topographical and infrastructural 
features in narrowing the range of possibilities, the City did not have site-specific data that would 
ultimately determine whether a given solar project is feasible: solar insolation, useable area for a 
PV installation, on-site electric usage and electric prices. Once this information is used to 
estimate the size of a project, its cost effectiveness depends on the amount of savings it will 
generate relative to level of subsidization it receives. The resulting measurements of the value 
each project will realize in the long term are crucial in putting together a well-balanced proposal 
and making a sound investment decision. 
2.2 Local Governments and Solar Energy 
With state subsidies and local policies mandating an increased reliance on renewable 
energy, solar energy has become an important priority for governments such as Worcester. 
Accordingly, this project contributes to the study of how public investment in solar can be made 
more generally. With limited authority and resources, city governments serve to meet the most 
basic needs of their citizens. Decisions involving significant capital outlays have generally been 
limited to those which yield tangible benefits, such as school construction. Policies related to the 
environment have been similarly concerned with practices that have an immediate bearing on 
local residents, such as the protection of water resources. In short, addressing a global problem 
like climate change is not something a city government would seem likely to do. 
Interestingly, the aggressive push for renewable energy and new environmental policy 
that we have witnessed over the past decade began at the local level. As a result, hundreds of 
cities across the country now have comprehensive strategies for reducing greenhouse gas 
emissions at a time when the national government still lacks one. It makes sense that local 
government, given its proximity to the people, should more closely reflect public opinion, and 
polling indicates that climate change has finally become a public priority. Still, popularity does 
not fully explain how cities have been able to justify taking on this added responsibility. 
Reducing greenhouse gas emissions may be a noble undertaking, but it is an expensive 
one. And construction of renewable energy is particularly capital-intensive, with much if not all 
of the cost presented up front. There can be considerable savings in the long term, however, 
because of the low operating cost of renewable generation. A city’s energy bill will become more 
stable as a result of reduced exposure to fossil fuel prices—often volatile but also guaranteed to 
 rise substantially in the future. Amortizing the initial cost over the period of its useful life, 
renewable generation then may become a dependable and ultimately cheaper way for tight-fisted 
city governments to meet their electric needs. 
Investing in renewable energy is a responsible action for cities to take because the 
benefits are shared publicly. Net-metering allows renewable projects to effectively turn a profit 
by selling excess electricity back to utilities, which, for local government, translates to a direct 
offset of other budget items and, in theory, can lower taxes. Still, the deployment of renewables 
may represent a greater public benefit in the way of demonstration. Cities lead by example in 
determining which renewable sources are most suited to their location and easily replicable in an 
urban environment. Paired with initiatives to educate the public and encourage further 
deployment, these projects influence the energy choices of private consumers (DOE, 2009). 
As innovators, cities will also affect a bottom-up change in energy policies nationally. In 
keeping with the idea that state governments are the laboratories of American democracy, 
experimentation at the local level can serve as a valuable case study in balancing the needs of the 
public, both short and long-term. Positive experiences with renewable energy not only transfer to 
other cities, but also bring increased interest and support from the federal government.  Such an 
opportunity is unmistakable in our current economic situation, with generous amounts of federal 
stimulus money being directed to cities that have demonstrated early leadership in promoting 
renewable energy.1
  
 
                                               
1 In October 2009 the DOE awarded $10 million to 16 major cities for urban adoption, installer training, and grid 
impact studies. The list of cities is available at http://www.solaramericacities.energy.gov/about/special_projects/ 
 3. Methodology 
3.1 Data Collection 
The project was originally intended to proceed by collecting scientific and technical data 
related to the proposed sites. This data describes the physical factors which determine the output 
of a PV system and serve as constraints to cost-effectiveness. The factors specific to all sites are: 
solar potential, useable roof area, and electric consumption. At some sites, it was the case that 
certain characteristics had an obvious negative effect on one of these factors, effectively 
removing it from consideration. For the sites that made it to the final round of consideration, 
these factors were determined using the following sources: 
Solar Pathfinder 
The Pathfinder is a basic, yet essential, piece of equipment used in evaluating the sites of 
proposed PV. It allows measurement of a location’s solar potential based on a quick scan 
of the surrounding terrain rather than directly recording the sun’s movement. The 
equipment is compact, easy to transport and use, and can be set up and broken down in a 
matter of seconds no matter the location.  
National Renewable Energy Laboratory (NREL) 
NREL began as the Solar Energy Research Institute and is now the U.S. Department of 
Energy’s primary force for research and development into renewable energy.  It offers 
solar radiation measurements and meteorological data, as well as models and 
performance calculators, which were useful in quantifying available solar resources.  
Google Maps 
Google uses satellite data to construct detailed images of the earth’s surface for public 
viewing. The City of Worcester can be observed down to a scale of 40 feet per inch. As 
all the sites under consideration are included, the maps allow for a rough description and 
measurement of roof space in lieu of actual physical access. 
City of Worcester 
The project relied on the Planning and Regulatory Services Division as its primary point 
of contact. In addition to a list of all potential sites being considered, the division 
 assembled information about the City’s energy usage and electric demand. This data 
determines the overall cost effectiveness of these projects, as well as the optimal size of 
each individual project. 
3.2 Literature Review 
The research focus of this project expanded to include other topics related to the 
procurement, construction and financing of solar by local governments. It was therefore 
important to seek out information describing the success other cities have had, as well as lessons 
and advice gleaned from that experience, in the form of a best practice manual. To take 
advantage of that perspective, the project consulted available literature from the following 
sources:  
Massachusetts Technology Collaborative (MTC) 
Through its Renewable Energy Trust, the MTC has run successful initiatives promoting 
the development of the solar industry in Massachusetts as well as funding solar projects 
across the state through the Clean Energy Choice Program.  Its database of these projects 
relates the experience other communities have had with installing PV on their public 
buildings. 
U.S. Department of Energy (DOE) 
The DOE operates the new Solar America Cities program, advancing the deployment of 
solar in the public sector, and the Office of Energy Efficiency & Renewable Energy, 
tasked with making solar more affordable to both public and private users. Though 
Worcester has not had direct involvement with either of these, the DOE did provide 
general information on reducing regulatory obstacles, growing the market for solar, and 
capturing the public benefits of PV. 
3.3 Policy Analysis 
The project also studied how the proposed solar projects would be affected by 
government policy. It was important to identify possible barriers in the form state and local 
regulations. To maximize cost-effectiveness, it was also important to explore the full ranges of 
 government incentives and programs designed to encourage the adoption of solar. The evaluation 
of these solar projects in light of the current policy environment relied on the following sources: 
Massachusetts Department of Energy Resources (DOER) 
DOER’s Green Communities programs supersede the MTC’s widely successful Clean 
Energy Choice program and are specifically aimed at increasing the use of renewable 
energy in municipal facilities.  In the past year the department has also helped direct the 
distribution of federal stimulus aid from the U.S. Department of Energy to fund 
renewable energy projects in municipalities.  While the application processes for some of 
these grants have ended, the department will continue to be an important source of 
information about state and federal incentives that exist for PV. 
Planning and Regulatory Services Division 
The City should be able to answer many questions about applicable codes and regulations 
for solar installations.  Some may have been addressed in the Clark study so it will be 
important to get a more detailed picture of what has been considered so far and what 
requires more research. 
Database of State Incentives for Renewable Energy (DSIRE) 
This organization is primarily concerned with educating consumers about the financial 
incentives available for renewable energy.  However, it does maintain a list of state and 
federal codes and regulations regarding solar installations that may prove useful for 
tracking down the relevant government agencies. 
3.4 Cost-Benefit Analysis 
The project was ultimately concerned with the economic feasibility of solar energy in 
Worcester. A model was constructed to compare the financial impact proposed projects would 
have on the City with different funding mechanisms. Several assumptions included cost-
effectiveness and payback calculations as constants: system cost, price inflation, and discount 
rate. Estimates for these values were taken from the following sources: 
  
 U.S. Energy Information Administration (EIA) 
The EIA is a division of the DOE which keeps statistics about historic energy prices and 
usage by state and sector. It also publishes the Annual Energy Outlook, which includes a 
2-year forecast of electric prices. This information is used as a reference for expected 
prices changes in the electric industry compared to changes in the price of money across 
all sectors of the economy. 
U.S. Office of Management and Budget (OMB) 
The OMB is a part of the Executive Office of the President tasked with overseeing the 
federal budget, evaluating policy, and setting funding priorities. The Office has issued 
guidelines for how to conduct proper cost-benefit analyses of public projects. In 
particular, it explains how to appropriately 1) decide between real and nominal values 2) 
determine the discount rate, and 3) interpret a net present value calculation. 
Central New England Solar Store (CNE Solar) 
CNE Solar is located on U.S. Route 20 just outside of Worcester, MA, and provides solar 
home energy solutions to retail customers in Central Massachusetts. Their sales staff has 
a great deal of experience with manufacturers and the overall market for solar in 
Massachusetts. As such, they are able to provide up-to-date cost data. 
Borrego Solar 
Borrego is a solar service provider that specializes in building and operating solar 
generation for retail customers on-site. They have done successful business in California 
and Massachusetts and worked with other local governments on projects similar to this 
one. They provide a model Power Purchase Agreement (PPA) that includes cost 
estimates and net present value calculations. 
  
 4. Results & Analysis 
4.1 Regulatory Considerations for Solar Projects 
The construction of roof-top PV, or the modification of an existing building for any 
accessory use, generally requires permitting through a local regulatory body. It must also 
continue to satisfy zoning ordinances and land use regulations administered by the City. From 
the Worcester Planning and Regulatory Services Division: 
Solar energy installations are permitted by-right if they are considered an accessory use to the main use on 
site. In that case, the property owner would need to obtain necessary building permits from the Department 
of Inspectional Services. The City is working on an ordinance amendment that would clarify the local 
regulations and would permit ground mounted facilities in appropriate locations.2
With respect to local zoning requirements, the state of Massachusetts has enacted a solar access 
law designed to facilitate the construction of PV. First, it suggests that local governments create 
positive rights to solar energy, known as “solar easements”.
 
3 This gives local regulatory bodies a 
means of addressing any neighboring structures or vegetation that may restrict a landowner’s 
access to sunlight. Second, it creates a negative right to solar energy by explicitly stating that no 
ordinance or regulation may “forbid or unreasonably restrict the installation or use of a solar 
energy system”.4
A solar project must also comply with state electrical and building codes. For a roof-
mounted solar installation, the building must adhere to structural requirements issued by the 
Massachusetts Department of Public Safety.
  While the City of Worcester has not taken the step of creating a solar easement 
or issuing solar access permits, state law ensures that it does not place excessive restrictions on 
solar construction. 
5 The construction of solar also requires a building 
permit and must be carried out by a licensed electrician.6
                                               
2 A direct quote from Luba Zhaurova, Planning Analyst for the City of Worcester , based on conversations with the 
City Planning Direct and the Department of Inspectional Services. 
3 M.G.L. 187, 1A. Solar easements 
4 M.G.L. 184, 23C. Solar energy systems; installation or use; restrictive provisions 
5 MA 780 CMR 7301. Solar Energy Systems 
6 M.G.L. 141 S 1A. Licensure requirement; exceptions 
 And in order to qualify for state rebate 
programs, the actual system components must meet standards of quality specified by the 
Underwriters Laboratories (UL) and the Institute of Electrical and Electronics Engineers (IEEE), 
 and be on the California Energy Commission’s (CEC) list of eligible equipment.7
Though the contractor will likely be needed for interconnection, it is the City’s 
responsibility to notify their electric utility early on in the process of planning a solar project. 
The four major utilities in Massachusetts all use the same interconnection process, which 
requires project owners to apply prior to construction if they wish to be interconnected to the 
grid.
 Though these 
are issues the City should be aware of, the job of ensuring compliance with state code would fall 
to a qualified installer when contracted to develop any of the projects under consideration. 
8
4.2 Public Incentives for Solar Projects 
 Whether the utility approves a project will depends on its size, the facility’s load, and the 
composition of the surrounding electric grid. If the installation has a UL-qualified inverter rated 
less than 10 kW, is on a radial distribution system, and is less than 7.5% of the annual peak load 
on that circuit, it is eligible for a simplified review process. A typical application review should 
last no longer than 15 days, after which point the utility would perform an actual inspection 
before giving final approval for interconnection. 
In 1999, Massachusetts passed the Renewable Portfolio Standard (RPS) requiring electric 
utilities to receive a portion of their electric supply from renewable generators, increasing by 1% 
each year to reach 15% by 2020.9
As it creates year-over-year growth in the demand for credits, the RPS indirectly provides 
investors in new renewable generation with greater confidence that the energy produced can be 
sold. It is a boon for stand-alone, commercial generators that supply large amounts of power to 
 This policy set up a system of renewable energy credits 
allowing the state to track each unit of power purchased from a renewable source. It also gives an 
incentive for utilities to exceed the minimum standard by allowing them to trade these credits 
and gain a competitive advantage. The secondary market for credits provides the electric industry 
with more flexibility in complying with the RPS, as a utility may decide to bank excess credits 
for future years or sell them to a competitor that values them more. The price of these credits is 
held up by an Alternative Compliance Payment (ACP) charged to utilities that fall short of 
meeting the standard for a given year, currently set at $60.93 per megawatt-hour (DOER, 2010a) 
                                               
7 The California Energy Commission’s updated list of eligible equipment is available at 
http://www.energy.ca.gov/2009publications/CEC-300-2009-002/CEC-300-2009-002-F.pdf 
8 MA DTE 02-38-C Attachment A. Distributed Generation 
9 M.G.L. 25A, 11F. Renewable energy portfolio standard for retail electricity suppliers 
 utilities on the wholesale market; for distributed generation projects by retail customers—
whether residents of Worcester or the City itself—it has very little effect. PV systems are a great 
solution for facilities looking to decrease their dependence on retail, mostly fossil-fuel generated 
power delivered by electric utilities. 
Through Massachusetts’ net-metering policy, renewably-generated power that exceeds 
the on-site demand can also be sold back into the grid. The marginal load that grid-tied 
renewable systems supply to a utility—capped at 1% of its peak system load—increases the 
reliability of service for other customers in the system and as such constitutes a public benefit.10 
But a utility pays for this net-metered power at a rate below what it normally charges that 
customer for retail power. 11
The state’s goal of a tenfold increase in the Solar Carve-Out reflects that distributed PV 
generation is now a key public priority in Massachusetts. And meeting that goal demands a 
similarly aggressive incentive structure. The program will begin with an ACP rate of $600 per 
megawatt-hour and will limit the banking of SRECs by utilities to 10% of what they need for 
compliance in a given year. It also creates a Solar Credit Clearinghouse Auction for unsold 
SRECs, with a set clearing price $300 per megawatt-hour. The ACP rate and also the percentage 
 For solar energy, which carries an enormous capital cost, this makes 
it more economical for retail customers to install only enough capacity to offset their on-site 
consumption than to become net producers of renewable energy. 
In addition to providing greater grid stability, distributed solar energy provides an 
intangible benefit by reducing our reliance on fossil fuels. Recognizing this, the state has gone 
beyond the RPS and net-metering laws to create an additional incentive for the construction of 
PV by retail customers. A “Solar Carve-Out” for the RPS went into effect in 2010, creating a 
new sub-class of Solar Renewable Energy Credits (SRECs) for power generated from grid-tied 
PV systems of 2 megawatts or less. According to the Massachusetts Department of Energy 
Resources, SRECs create a separate product, “the positive environmental attributes associated 
with this clean energy production,” from the actual electricity these systems supply to the grid 
(DOER, 2010b). Utilities will be required to obtain enough SRECs to account for 0.068% of 
their total load, with the goal of increasing statewide capacity in this sub-class from 30 MW in 
2010 to over 400 MW—roughly 1% of the state’s total electric supply. 
                                               
10 MA 220 CMR 18.00 
11 The formula for reimbursement of net-metering customers excludes the demand-side management and other 
renewable energy charges that are included in a customer’s bill. 
 of SRECs required for compliance will both be directly managed by the Department in order to 
ensure that the auction clears and all SRECs are sold. Most importantly, these credits go to the 
system owner, not their electric utility, meaning that they can choose to sell them on the spot 
market through a broker, or even sell them to one of their utility’s direct competitors through a 
long-term contract.  
While creating a new stream of revenue to help retail customers defray the cost of 
distributed PV, the state has also heavily scaled back its popular solar rebates. Consumer rebates 
offered through the MTC’s Commonwealth Solar program—a fund of over $68 million which 
ran out in late 2009— typically covered between 33% and 66% of the cost of an installation 
(MTC, 2009). And through the 2009 American Recovery and Reinvestment Act, many larger 
projects received federal stimulus grants that covered over 67% of their installation cost. The 
average rebate now offered to a similarly-sized system under the successor programs, 
Commonwealth Solar II and Commonwealth Solar Stimulus, will be three times smaller. Thus, 
PV systems constructed in 2010 will not receive anywhere near the level of subsidization that 
they would have in 2009, but unlike these earlier projects, they will be eligible for the Solar 
Carve-Out program. 
These changes in state policy have altered the financial calculus for solar substantially. 
Whereas the projects under consideration might previously have recovered a significant portion 
of their cost up front, they would not have had a guaranteed revenue stream over the long term. 
With revenue from SRECs of at least $285 for every megawatt-hour produced, the annual 
savings that they could generate has more than doubled.12
4.3 Private Investment in Solar Projects 
 They are likely to have a longer 
payback period due to the higher initial cost, however, the amount of risk they carry would be 
greatly reduced. This means that the City can attract greater private investment in solar projects, 
or alternatively, service their debt at a lower interest rate. 
An alternative method for the City of Worcester to implement the renewable energy 
component of its Climate Action Plan would be a Power Purchase Agreement (PPA). In this type 
                                               
12 $285/KWh reflects the $300/MWh clearing price minus a 15% fee which sellers are guaranteed to receive at 
auction over a 10-year opt-in term. This translates into $0.285/KWh over and above what a system already saves by 
offsetting demand at an average retail electric rate of $0.150/KWh. 
 of arrangement, the customer enters into a contract with a third-party that would own the PV 
systems at their facilities and sell the renewably-generated electricity back to them. For the City, 
a PPA would be much simpler process, offering a “turn-key” solution to their solar energy needs. 
The City would assume little of the risk associated with installing and operating solar but also 
receive a limited benefit in return. In many  ways the project itself would look no different to the 
outside world—it would conform to the same regulations, qualify for the same government 
incentives, and generate the same electricity. But for the City’s budget, it would look entirely 
different. 
Third-party Solar Service Providers (SSPs) have an appreciable amount of experience 
with solar projects of the size the City is currently considering. They have done site evaluations, 
developed relationships with manufacturers and installers, and are familiar with the regulatory 
apparatus. They also know all the state and federal subsidies for which a project is eligible, 
including additional tax incentives that the City could not apply for if it were the owner. None of 
this is to say that they perform these tasks any better than the City would; a PPA simply means 
less work for public officials. Still, it is possible that this will not reduce administrative overhead 
at all, as there are transaction costs involved in creating a purchase and lease agreement and in 
paying a separate electric bill to the SSP (FEMP, 2010). 
What truly distinguishes the PPA is that it generates only positive cash flows for the end-
user. The City would pay for the power produced by the SSP at a fixed rate that is below the 
retail price. As long as there is a difference between what the utility and the SSP are charging, 
the City saves money. The PPA may be structured to preserve this price difference over the life 
of the contract or it can lock in a current price with an escalator. Each would provide a different 
kind of certainty. A gradually escalating price would shield the City from volatility in the oil and 
natural gas markets, and it would be particularly advantageous if electric prices grew more than 
expected in the long term. A price tied to retail electric rates would provide a guaranteed annual 
savings—increasingly negligible as energy prices increase, but advantageous if electric prices 
stay unusually low. 
A PPA typically lasts 20 years or less and leaves the end-user with the option of 
purchasing the system at fair market value upon termination. This would allow the City to 
operate the system for free over the remainder of its useful life. Whether that makes sense from a 
cost standpoint will depend on such factors as depreciation in system value, degradation of 
 system capacity, and the price of electricity.13
4.4 Evaluation of Sites in Worcester 
 While none of these can be determined before 
entering into a PPA, it can be assumed that a properly working system would quickly pay for 
itself and realize additional environmental benefits. Until that time, the SSP has a strong 
incentive to adequately maintain these systems because its profitability is a function of how 
much power they produce. 
The availability of solar radiation was seen to be the determining factor in whether or not 
PV is feasible at a given location. Having already controlled for the broader geographical 
variability across Worcester, the remaining variables influencing solar resource potential are 
obstructions such as vegetation, buildings and power lines. Upon closer inspection of these sites, 
it becomes immediately apparent that some of them are not suitable candidates for PV. With an 
eye toward the future, it is still important to measure the solar insolation at every site while 
taking note of which obstructions are temporary and which are permanent. However, with the 
current project proposal limited to distributed generation and not commercial generating 
facilities, undeveloped land is effectively eliminated from consideration. 
The method for collecting solar radiation data at each of these sites is the Solar 
Pathfinder. This simple tool consists of a sun chart mapping the sun’s path in the sky at any 
given time of day and month in the year within a specific band of latitude, in this case between 
37° – 43°N; a magnetic compass; a spirit level; and a semi-reflective dome producing a 360° 
image of the sky. The entire assembly is shown in Figure 4.1. 
 
Figure 4.1 Solar Pathfinder Equipment 
                                               
13 Two rules-of-thumb in the industry are that the depreciated value of PV after 20 years is 15-20% of initial cost, 
and the capacity of PV degrades by about 0.5% each year. 
 At each site, the device placed in a spot that receives an average amount of solar 
exposure with respect to that of the entire surface in question. It is then oriented due south, 
adjusted for magnetic declination, and leveled.14
 
Figure 4.2 Monthly Sunpath Diagram 
 With the dome cover in place, the surrounding 
skyline is superimposed on the sun chart underneath and its image is traced by hand on a 
duplicate chart. For trees, tracings must be made to represent the skyline in their full summer 
foliage and/or assuming their removal. A tracing made at the Clark Street Elementary School is 
shown in Figure 4.2. 
The resulting sunpath diagram is first analyzed visually to produce a site’s relative solar 
potential. Solar time as shown on the chart must first be converted to standard time, in this case 
requiring no adjustment.15
                                               
14 Magnetic declination is the difference between true north and magnetic north as measured by a compass. The 
magnetic declination adjustment for the City of Worcester in the middle of January is -15°. Magnetic declination 
was calculated using a free tool from the Australian, available at 
 The half-hour blocks are added up for each month on the chart, 
excluding those marked by the tracing as outside the visible sunpath. With no obstructions, the 
sum of these blocks will equal 100% for a given month. The percentage values of these half-hour 
blocks are distributed more evenly for the summer months and more concentrated in the middle 
http://www.ga.gov.au/oracle/geomag/agrfform.jsp 
15 Converting solar time to standard time involves correcting for the site’s distance from the center of its time zone 
and seasonal variation in the earth’s orbit and rotation. The seasonal correction for the middle of January is +11 
minutes and the longitudinal correction for Worcester is -12 minutes, so the two effectively cancel out.  These 
calculations were made using the SunAngle tool, available at  http://www.susdesign.com/sunangle/ 
 of the day during the winter months. This is significant because the percentage of sunlight 
available at a site must be considered for each individual month as well as for the entire year. 
The actual amount of solar radiation a site receives is calculated using regional data 
collected by the National Renewable Energy Laboratory. The actual number of sun-hours 
available at a site is simply a percentage of the total possible radiation available based on 
geographic position. Regional totals are also dependent on the degree of vertical tilt assumed for 
installed PV panels.16
Site 
 Within the optimal range of tilt for Worcester, the average amount of solar 
radiation available in a day is 4.5 sun-hours (NREL, 2003). The actual amounts of average daily 
solar radiation as calculated for each site are given in Table 4.1. 
Table 4.1 Average Daily Solar Radiation 
Sun-Hours 
Hartwell Learning Center 4.1 
Quinsig Ave Treatment Facility 4.4 
Heard St Discovery Academy 4.4 
Worcester Technical H.S. 4.4 
Clark St Elementary 4.3 
North H.S. 4.5 
Norrback Ave Elementary 4.5 
Lincoln St Elementary 3.8 
Flagg St Elementary 4.3 
Burncoat H.S. 4.5 
The next step is to determine the area at each site that can accommodate a PV 
installation. This can be measured either physically or indirectly, using a visual aid such as 
Google Maps. Given the large spaces involved in this study, the latter is found to be preferable. 
These satellite images are accurate to a degree of ±10 feet and the estimated areas are rounded 
accordingly. From this gross estimate, a more conservative estimation of useable area is made to 
take into account roof structures that are an obvious impediment to PV placement. A graphical 
estimation for the 60 Quinsigamond Ave. site is shown in Figure 4.3.  
                                               
16 Tilt begins at 0° for panels that are level with the earth’s surface. Solar potential in Worcester is at a maximum for 
angles between 27° (latitude - 15) and 42° (latitude). The yearly total sun-hours available a each is the same, 
however latitude-minus-15 favors sites with a relative concentration of potential in the summer months while 
latitude favors those with more evenly-distributed potential. 
  
Figure 4.3 Estimated Useable Roof Area 
With the allowable space for PV known, it is possible to estimate installation sizes for 
each site. From among the different commercial PV systems currently available on the market, 
the largest space requirement specified by a manufacturer is 4,731 square feet for a 50 kW 
installation (WPI, 2009). For the purposes of this study, it is assumed that 2500 square feet of 
uninterrupted space will be required to accommodate every 25 kW of generation. The shape of 
available space is also considered to ensure that installations are configured efficiently (i.e. 
rectangular). At this point, sites with no distributed generation capacity are eliminated from 
consideration. Potential installation sizes for each site based on useable area are shown in Table 
4.2. 
  
 Table 4.2 Useable Area and Installation Size 
Site Area Size (kW) 
Hartwell Learning Center 10,500 200 
Quinsig Ave Treatment Facility 22,800 100 
Heard St Discovery Academy 3,800 25 
Worcester Technical H.S. 65,000 200 
Clark St Elementary 9100 50 
North H.S. 46,970 200 
Norrback Ave Elementary 24,550 100 
Lincoln St Elementary 6,400 20 
Flagg St Elementary 28,600 75 
Burncoat H.S. 39,800 200 
The appropriate size of a solar installation also depends on the demand characteristics of 
the site in question. The total amount and cost of electricity consumed in 2009 at each site is 
taken from the City of Worcester. The average per-kilowatt-hour price of electricity can be 
calculated from these figures, assuming a derate factor of 0.803.17
                                               
17 This was the derate factor used by Honeywell in its audit for the City of Worcester 
 Every kilowatt-hour produced 
by these systems then results in savings equal to the cost of electricity avoided. This holds true 
up until the point that the facility becomes a net producer of electricity, selling electricity back to 
the grid at only a fraction of the retail price. Therefore, the recommended sizes for proposed PV 
systems are optimized to ensure that the total amount of electricity produced does not exceed the 
amount of electricity consumed on-site. This concern is only relevant for one of the sites under 
consideration, 60 Quinsigamond Ave., and its recommended installation size is altered 
accordingly. The actual consumption data and production estimates for each site are given in 
Table 4.3. 
  
 Table 4.3 Price, Consumption and Expected Production of Electricity 
Site Price  ($/kWh) 
Consumption 
(kWh/yr) 
Production 
(kWh/yr) 
Hartwell Learning Center 0.147 94,080 59,954 
Quinsig Ave Treatment Facility 0.206 161,600 129,566 
Heard St Discovery Academy 0.149 126,140 31,967 
Worcester Technical H.S. 0.133 4,546,000 259,088 
Clark St Elementary 0.148 123,920 63,206 
North H.S. 0.137 744,440 261,107 
Norrback Ave Elementary 0.138 746,800 130,781 
Lincoln St Elementary 0.144 149,360 21,813 
Flagg St Elementary 0.144 150,280 95,494 
Burncoat H.S. 0.134 970,800 321,200 
The costs associated with solar energy are especially easy to plan for given that they are 
borne almost entirely up front. Barring any unforeseen maintenance, it can be assumed that the 
only significant cost will be that of the technology itself and having it installed. As recently as 
2009, the cost of commercial PV in the Massachusetts market was below $5 per watt. This study 
uses a more conservative assumption of $7 per kilowatt installed. Depending on project size, that 
cost can be reduced by 11–22% through Commonwealth Solar II rebates. The level of 
subsidization decreases incrementally as projects surpass 25 and 100 kW, and is limited to 
projects of 200 kW or less (Table 4.4). 
Table 4.4 Commonwealth Solar II Rebate Schedule 
0 – 25 kW 25 – 100 kW 100 – 200 kW 
$1.50 / W $1.00 / W $0.50 / W 
The savings generated by each solar installation corresponds to the retail value of 
electricity supplied to the facility that it does not have to purchase from National Grid. An 
additional $0.285 per kilowatt-hour in revenue can be realized through the sale of SRECs. 
Though SRECs will likely increase in price as the state demands greater compliance from the 
electric utilities, they will lose some of their real value over time due to inflation. At the same 
time, the price of electricity is projected to increase both in nominal and real terms over the 30-
year life of these projects, so the savings portion of associated revenue will increase over time 
 (EIA, 2009). The estimated costs and revenues for each of the proposed solar projects are shown 
in Table 4.5. 
Table 4.5 Rebate, Resulting Cost and Annual Revenues ($ 2010) 
Site Rebate Cost Revenue 
Hartwell Learning Center 62,500 287,000 25,000 
Quinsig Ave Treatment Facility 112,500 587,500 60,900 
Heard St Discovery Academy 37,500 137,000 13,400 
Worcester Technical H.S. 162,500 1,237,000 104,800 
Clark St Elementary 62,500 287,000 26,400 
North H.S. 162,500 1,237,000 106,600 
Norrback Ave Elementary 112,500 587,500 53,500 
Lincoln St Elementary 30,000 110,000 9,000 
Flagg St Elementary 87,500 437,000 39,500 
Burncoat H.S. 162,500 1,237,000 106,700 
The economic benefits of a solar project can be expressed in several different ways. The 
simplest is to compare the accumulated revenue from annual savings to the initial cost of the 
project. This gives the payback period in years, after which point the electricity produced is 
essentially free of cost. However, financial analysts often prefer more sophisticated methods to 
measure a project’s worth as an investment. The first is net present value (NPV), the total 
revenue the project generates over its useful life of 30 years while discounting future revenues at 
an appropriate rate of interest—5% for the purposes of this study (OMB, 1992).18
                                               
18 Private investors must assume a discount rate of their cost of capital plus the minimum rate of return required for 
the project to be considered profitable. As local governments does not profit as such, their discount rate is equivalent 
to the interest rate on a 30-year municipal bond. 
 The second 
method is internal rate of return (ROR), or the discount rate for which accumulated revenues are 
equal to initial investment over the 30-year period. The EIA’s assumed inflation rate of 2.31% 
had to be factored into each of these calculations—either added to the discount rate or subtracted 
from ROR. The payback period, NPV and ROR for proposed solar projects are shown in Table 
4.6. 
  
 Table 4.6 Simple Payback, Net Present Value and Internal Rate of Return 
Site Payback (yrs) 
NPV 
($ 2010) ROR 
Hartwell Learning Center 11.5 40,400 6.41% 
Quinsig Ave Treatment Facility 9.6 220,200 8.57% 
Heard St Discovery Academy 10.3 37,100 7.64% 
Worcester Technical H.S. 11.8 131,300 6.07% 
Clark St Elementary 10.9 58,000 7.00% 
North H.S. 11.6 155,200 6.26% 
Norrback Ave Elementary 11.0 109,600 6.85% 
Lincoln St Elementary 12.2 8,800 5.81% 
Flagg St Elementary 11.0 79,600 6.81% 
Burncoat H.S. 11.6 154,445 6.26% 
  Similar measures can be used to compare the economic benefits realized through a PPA. 
Based on information that Borrego Solar provided to the City, we can assume an initial rate 
$0.02/kWh below 2010 retail prices with a 2% escalator (Appendix C). It is assumed that the 
City incurs no cost in 2010 and purchases the system at 20% of its original value in 2030. In all 
other years, the associated revenues from these projects are positive, making up the difference 
between expected actual electricity prices and the escalating price assumed in the PPA. The 
accumulation of revenue from savings generated in a PPA for each project is summarized in 
Table 4.7. 
Table 4.7 Simple Payback, Net Present Value and Internal Rate of Return 
Site NPV ($ 2010) 
Hartwell Learning Center 17,300 
Quinsig Ave Treatment Facility 53,600 
Heard St Discovery Academy 9,800 
Worcester Technical H.S. 72,400 
Clark St Elementary 19,100 
North H.S. 75,300 
Norrback Ave Elementary 38,000 
Lincoln Elementary 5,700 
Flagg St 28,300 
Burncoat St 74,800 
  Net present value figures communicate that there is a long-term advantage to choosing 
public funding instead of PPAs to finance these projects. Still, another useful comparison can be 
made to show the payback speed and magnitude, as well as the City’s year-to-year net financial 
position with each funding method. The accumulation of revenue that would result if all  of the 
proposed projects were completed in 2010 is shown in Figure 4.4. 
 
Figure 4.4 Projected Revenue from Solar Projects 
  
 5. Conclusion 
 This study confirms that the City of Worcester has real potential for solar energy at its 
facilities. Furthermore, the economics of solar have now reached a point where all of the projects 
under study are seen to be feasible. The extent to which the City is prepared to make an 
investment in solar may determine how many of these projects are funded, whether it chooses to 
start small or focus on those with the highest return. But even before that, it must decide if it is 
willing to make any investment at all. Therefore, the most pressing issue the City must consider 
is that of ownership. Should it pursue the proposed projects, or any others for that matter, on its 
own, or should it allow a third-party to finance and manage their solar projects through a Power 
Purchase Agreement? 
As the City is no ordinary retail customer but a public entity, this is a very interesting 
policy question. And its consideration must go beyond simple measures of cost-effectiveness and 
look at the intangible benefits associated with these two different types of solar energy projects. 
It was previously stated that what results physically—the PV system itself, its construction and 
its effect on the environment—will not differ greatly between the two scenarios. The real 
difference lies in the amount of direct involvement the City would have in solar projects, and 
whether that would constitute a public benefit. 
In exchange for shouldering the financial and administrative burden of these projects, the 
private sector is guaranteed a shorter payback than the City would receive. Whether this rate of 
return accurately reflects the actual amount of risk underlying that investment is unknowable— 
in a PPA the City pays a “premium” for solar energy to avoid questions of risk entirely. 
However, this analysis has shown that the City can safely shoulder this burden if it devotes an 
appropriate amount of effort and resources to planning and managing these projects. The City 
would face a steep learning curve, and its possible that the cost of developing its own expertise in 
this way might exceed any comparable “premium” early on, but in the long-term such an 
investment would pay dividends. 
In developing its own solar resources, the City would have greater control of its energy 
future. The relationships and experience within the solar industry would allow it to pursue future 
projects of increasing scale and complexity. With respect to its citizens, public projects would 
serve an important demonstration purpose, generating greater awareness and public interest, and 
enable the City to provide information and expert advice to residents seeking to follow its lead. 
 And any additional cost savings generated by these projects might indirectly enhance the City’s 
ability to devote resources to consumer initiatives. 
The important point is that none of this is likely to occur without public ownership; a 
PPA would allocate some benefits to the public, but these would not be self-reinforcing. It is not 
in the interest of the private sector to educate the public about solar, nor even to invest in it 
without sufficient monetary incentives. While new state policies have made solar energy 
increasingly attractive to private investors, they were designed primarily to support more direct 
investment from  retail customers. Can the City afford to build its own distributed solar 
generation? A conservative analysis tells us it would be fiscally responsible to do so. Should the 
City make distributed solar generation its business? Given its commitment to make renewable 
energy a public good and encourage its citizens to work together toward a sustainable future, the 
answer is yes. 
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